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SPECIFICATION 



MULTI-BAND HIGH-FREQUENCY CIRCUIT, MULTI-BAND 
HIGH-FREQUENCY CIRCUIT COMPONENT AND MULTI-BAND 
5 COMMUNICATION APPARATUS USING SAME 



FIELD OF THE INVENTION 

[0001] The present invention relates to a wireless communication 
apparatus for performing wireless transmission between electronic or electric 
1 0 equipments, particularly to a multi-band high-frequency circuit and a 

multi-band high-frequency circuit component commonly usable for at least 
two communication systems and capable of conducting diversity receiving, 
and a multi-band communication apparatus comprising such a multi-band 
high-frequency circuit component. 

15 

BACKGROUND OF THE INVENTION 

[0002] Data communications by wireless LAN (WLAN) typically 
according to the IEEE802.1 1 standards are now widely used. They are used 
in personal computers (PCs); PC peripherals such as printers, hard disk drives, 

20 broadband rooters, etc.; electronic appliances such as facsimiles, refrigerators, 
standard-definition televisions (SDTVs), high-definition televisions (HDTVs), 
digital cameras, digital video recorders, cell phones, etc.; and as 
signal-transmitting means in place of wires in automobiles and aircrafts, and 
wireless data transmission is conducted among these electronic or electric 

25 appliances. 

[0003] There are now pluralities of standards of wireless LAN. For 
instance, IEEE802.11a is adapted to high-speed data communications of 54 
Mbps at maximum in a frequency band of 5 GHz, using an OFDM 
(orthogonal frequency division multiples) modulation system. Incidentally, 
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there is IEEE802.11h as the standard for making IEEE802.1 la usable in 
Europe. 

[0004] IEEE802.1 lb is adapted to high-speed communications of 5.5 
Mbps and 11 Mbps in an industrial, scientific and medical (ISM) band of 2.4 
5 GHz that can be freely used without wireless license, using a direct sequence 
spread spectrum (DSSS) system. 

[0005] IEEE802.1 lg is adapted to high-speed data communications of 54 
Mbps at maximum in a 2.4-GHz band like IEEE802.1 lb, using the OFDM 
(orthogonal frequency division multiples) modulation system. 

10 [0006] Explanation will be made below using IEEE802.il a and 
IEEE802.11h as a first communication system, and IEEE802.11b and 
IEEE802.11g as a second communication system, if necessaiy. 
[0007] A multi-band communication apparatus using such WLAN is 
described in JP2003-169008A. This multi-band communication apparatus 

1 5 comprises two dual-band antennas capable of transmitting and receiving in 
two communication systems having different communication frequency bands 
(IEEE802.il a, IEEE802.11b), two transmitting/receiving means for 
modulating transmission data and demodulating receiving data in each 
communication system, pluralities of switch means for connecting the 

20 antennas to the transmitting/receiving means, and switch control means for 
controlling the switch means, so that it can perform diversity receiving (see 
Fig. 33). 

[0008] As another example, JP2002-033714A describes a multi-band 
communication apparatus using one multi-band antenna. This multi-band 
25 communication apparatus comprises a 2.4-GHz-band, front-end circuit and a 
5-GHz-band, front-end circuit each comprising a switch circuit, amplifiers, a 
mixer, etc., a switch circuit SW1 for selectively connecting one of them to a 
common multi-band antenna, switch circuits SW2, SW3 for switching 
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transmitting/receiving circuits, and a switch circuit SW4 connected to an 
intermediate-frequency filter BPF (see Fig. 34). 

[0009] In multi-band communication apparatuses for WLAN, a carrier 
sense multiple access (CSMA:) system is adopted to scan the frequency to 
5 sense the receivable frequency channel (carrier) before starting 
communications. 

[0010] In the multi-band communication apparatus of JP2003- 169008 A, 
to conduct this scanning operation, the antenna ANT 1 is connected to a 
receiving terminal Rx of the transmitting/receiving means of 802.1 la, and the 

1 0 antenna ANT2 is connected to a receiving terminal Rx of the 

transmitting/receiving means of 802.11b, by six single-pole, double-throw 
(SPDT) switch means (SW1-SW6). The transmitting/receiving means of 
802.11a is scanned in a 5-GHz band, and the transmitting/receiving means of 
802.11b is scanned in a 2.4-GHz band, to sense all receivable vacant 

15 channels. 

[0011] The next step is to compare a receiving signal in a 5 -GHz band 
received by the dual-band antenna ANT1 with a receiving signal in a 2.4-GHz 
band received by the dual-band antenna ANT2, and select one of the two 
communication systems by which a more desired signal is received, as an 

20 active communication system. 

[0012] After this scanning operation, the other antenna is connected to the 
transmitting/receiving means of the selected communication system to 
perform receiving without changing the receiving channel. The receiving 
signals from two antennas are compared, and an antenna capable of 

25 performing better receiving is selected as an active antenna to conduct 
diversity receiving. 

[0013] Also, in the multi-band communication apparatus of 
JP2002-033714A, receiving signals in 2.4-GHz and 5-GHz bands are scanned 
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by one dual-band antenna ANT 1 to sense all receivable vacant channels, and a 
channel of a desired communication system is selected. 

[0014] As in the conventional multi-band communication apparatuses, the 
selection of communication system channels based on the comparison results 
5 of receiving signals obtained from different antennas or one antenna 

connected to each communication system is under unnegligible influence by 
disturbances such as noises from other communication systems and electronic 
equipments, phasing, etc., resulting in the likelihood that a communication 
system channel to be selected is erroneously sensed as busy, and that a 
1 0 communication system in which a receiving signal has the largest amplitude 
is not selected. 

[0015] There are electromagnetic waves leaking from electronic ovens, 
noises from communication systems such as Bluetooth®, radio frequency 
identification (RFID), etc. particularly in a frequency band of 2.4 GHz, and 

1 5 there are communication systems of cell phones having relatively large 
transmission power, such as WCDMA (wide band code division multiple 
access), etc., in nearby frequency bands. These high-frequency signals 
interfere communications in the WLAN systems. However, the 
conventional multi-band communication apparatuses do not have any measure 

20 to cope with such noises, etc. 

[0016] Also, because high-frequency signal paths should be switched by 
many switch means in the conventional multi-band communication apparatus, 
control becomes complicated depending on the number of switch means. 
Because the switch means have transmission loss to some extent, many 

25 switch means disposed in paths from antennas to transmitting/receiving 

means increase transmission loss according to their number. Particularly at 
the time of receiving, the quality of a high-frequency signal input through an 
antenna is disadvantageous^ deteriorated. In addition, because power 
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consumed by switching means is not negligible in battery-driven equipments 
such as note PCs, cell phones, etc., it has been requested to constitute a 
multi-band high-frequency circuit with few numbers of switch means. 
[0017] In IEEE802.11h, the function of dynamic frequency selection 
5 (DFS) or transmission power control (TPC) is newly required. The TPC 
function is to reduce power consumed for transmission to a minimum level 
when good communications can be made even at a suppressed transmission 
power, for instance, in a case where mobile terminals are close to a base. 
[0018] Various circuit elements such as switch circuits, etc. disposed 

1 0 between the output port of a power amplifier and a multi-band antenna 
generate insertion loss. Because this insertion loss has frequency 
characteristics, output power from a multi-band antenna is not constant 
depending on frequency channels used by the multi-band high-frequency 
circuit, but variable depending on the channels used. Accordingly, it is 

1 5 necessary to precisely control output power from the amplifier. 

[0019] For instance, to perform a TPC function in the multi-band 
communication apparatus of JP2003-169008A, a coupling circuit (for 
instance, a directional coupler) should be connected between the 
transmitting/receiving means of IEEE802.1 la and the switch circuit SW3, and 

20 between the transmitting/receiving means of IEEE802. 1 lb and the switch 
circuit SW4, to input a detection signal from the directional coupler to a 
detection circuit, thereby controlling an output signal based on the resultant 
detection voltage. However, this method needs directional couplers, 
detection diodes and smoothing circuits in both 2.4-GHz band and 5 -GHz 

25 band. Further, when a common control circuit is used, an analog switch for 
selecting detection voltage terminals in a 2.4-GHz band and a 5 -GHz band is 
also needed. This increases the number of parts, resulting in difficulty in the 
miniaturization of communication apparatuses. 
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[0020] High-frequency circuits for WLAN also need filter circuits for 
removing unnecessary frequency components contained in transmission 
signals and receiving signals, in addition to switch circuits for switching 
diversity switches, transmitting circuits and receiving circuits. Further, 
5 balanced-to-unbalanced converters for converting balanced signals to 
unbalanced signals, and impedance-converting circuits are needed. 
[0021] When contained in cell phones or note PCs, or used as network 
cards of PCMCIA (personal computer memory card international association), 
it is strongly desired to miniaturize multi-band communication apparatuses. 

10 

OBJECTS OF THE INVENTION 

[0022] Accordingly, the first object of the present invention is to provide 
a multi-band high-frequency circuit commonly usable in at least two 
communication systems, and capable of selecting the most desirable wireless 

1 5 communication channel substantially without influence by noises, phasing, 
etc., and further capable of performing diversity receiving. 
[0023] The second object of the present invention is to provide a 
multi-band high-frequency circuit capable of switching the connection of 
multi-band antennas to transmitting circuits and receiving circuits with a few 

20 switch means, which comprises a coupling circuit, a filter circuit, a 

balanced-to-unbalanced converter and an impedance-converting circuit with 
small numbers of parts. 

[0024] The third object of the present invention is to provide a multi-band 
high-frequency circuit component comprising the above multi-band 
25 high-frequency circuit in a small three-dimensional laminate structure. 
[0025] The fourth object of the present invention is to provide a 
multi-band communication apparatus comprising a transmitting/receiving 
means for modulating transmission data and demodulating receiving data in 



6 



HM-F382PCT Literal English Translation of PCT Specification 

each communication system, and a switch circuit controller for controlling the 
switching of the high-frequency switches. 

DISCLOSURE OF THE INVENTION 
5 [0026] The multi-band high-frequency circuit for performing wireless 
communications among pluralities of communication systems having 
different communication frequencies according to one embodiment of the 
present invention comprises a high-frequency switch circuit comprising 
switching elements for switching the connection of pluralities of multi-band 

10 antennas to transmitting circuits and receiving circuits; a first diplexer circuit 
disposed between the high-frequency switch circuit and transmitting circuits 
for branching a high-frequency signal into frequency bands of the 
communication systems; a second diplexer circuit disposed between the 
high-frequency switch circuit and receiving circuits for branching a 

1 5 high-frequency signal into frequency bands of the communication systems; 
the first and second diplexer circuits each comprising a lower-frequency filter 
circuit and a higher-frequency filter circuit, a bandpass filter circuit being 
used as the lower-frequency filter circuit in the second diplexer circuit, or 
disposed between the lower-frequency filter circuit in the second diplexer 

20 circuit and the receiving circuit, so that there is a bandpass filter between the 
second diplexer circuit and a lower-frequency receiving circuit; the 
high-frequency switch circuit comprising first to fourth ports, the first port 
being connected to a first multi-band antenna, the second port being 
connected to a second multi-band antenna, the third port being connected to 

25 the first diplexer circuit, and the fourth port being connected to the second 

diplexer circuit; and the switching elements being controlled in an ON or OFF 
state to select a multi-band antenna for performing wireless communications 
and to switch the connection of the selected multi-band antenna to the 
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transmitting circuit or the receiving circuit. 

[0027] The multi-band high-frequency circuit for performing wireless 
communications among pluralities of communication systems having 
different communication frequencies according to another embodiment of the 
5 present invention comprises a high-frequency switch circuit comprising 

switching elements for switching the connection of one multi-band antenna to 
transmitting circuits and receiving circuits; a first diplexer circuit disposed 
between the high-frequency switch circuit and the transmitting circuits for 
branching a high-frequency signal into frequency bands of the communication 

1 0 systems; a second diplexer circuit disposed between the high-frequency 

switch circuit and the receiving circuits for branching a high-frequency signal 
into frequency bands of the communication systems; the first and second 
diplexer circuits each comprising a lower-frequency filter circuit and a 
higher-frequency filter circuit, a bandpass filter circuit being used as the 

1 5 lower-frequency filter circuit in the second diplexer circuit, or disposed 

between the lower-frequency filter circuit in the second diplexer circuit and 
the receiving circuit, so that there is a bandpass filter between the second 
diplexer circuit and a lower-frequency receiving circuit; the high-frequency 
switch circuit comprising first to third ports, the first port being connected to a 

20 first multi-band antenna via a matching circuit, the second port being 

connected to the first diplexer circuit, and the third port being connected to 
the second diplexer circuit; and the switching elements being controlled in an 
ON or OFF state to switch the connection of the multi-band antenna to the 
transmitting circuit or the receiving circuit. 

25 [0028] The bandpass filter circuit has, for instance, a passband of 2.4 GHz 
to 2.5 GHz, off-band high-frequency signals being attenuated to remove 
noises, so that the high-frequency circuit is resistant to their influence. 
[0029] A coupling circuit for taking part of a transmission power in 
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pluralities of communication systems may be disposed between the 
high-frequency switch circuit and the first diplexer circuit. The coupling 
circuit is preferably constituted by a coupling capacitor, comprising a 
matching circuit disposed between the coupling circuit and a detection circuit. 
5 Alternatively, the coupling circuit is preferably constituted by a directional 
coupler comprising a main line and a sub-line, comprising a matching circuit 
between one end of the sub-line and a detection circuit. 
[0030] Each of the first and second diplexer circuits is constituted by 
parallel-connected lower-frequency filter circuit and higher-frequency filter 

1 0 circuit with one end as a common port, the lower- frequency filter circuit 

being a filter circuit permitting a 2.4-GHz-band, high-frequency signal to pass 
but attenuating a 5-GHz-band, high-frequency signal, and the 
higher-frequency filter being a filter circuit permitting a 5-GHz-band, 
high-frequency signal to pass but attenuating a 2.4-GHz-band transmission 

1 5 signal. 

[003 1] The lower-frequency filter circuit in the second diplexer circuit is 
preferably constituted by a phase circuit and a bandpass filter circuit having a 
2.4-GHz passband, the phase circuit controlling the impedance of the 
bandpass filter circuit in a band of 5 GHz to high impedance when viewed 

20 from the high-frequency switch circuit. With this structure, the number of 
circuit elements in the lower-frequency filter circuit can be reduced, resulting 
in excellent passband characteristics and off-band attenuation. 
[0032] The lower-frequency filter circuit is a lowpass filter circuit, a 
combination of a highpass filter circuit and a lowpass filter circuit, or a 

25 bandpass filter circuit, and the higher-frequency filter circuit is preferably a 
bypass filter circuit or a bandpass filter circuit. 

[0033] In a preferred embodiment, the multi-band high-frequency circuit 
comprises a first balanced-to-unbalanced converter disposed between the 
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lower-frequency filter circuit in the second diplexer circuit and the receiving 
circuit, and a second balanced-to-unbalanced converter disposed between the 
higher-frequency filter circuit in the second diplexer circuit and the receiving 
circuit. 

5 [0034] In another preferred embodiment, the multi-band high-frequency 
circuit comprises a transmitting/receiving means for modulating transmission 
data and demodulating receiving data in each communication system, and a 
switch circuit controller for controlling the switching of the high-frequency 
switch. 

1 0 [0035] The multi-band high-frequency circuit component of the present 
invention comprises the above multi-band high-frequency circuit, a laminate 
of substrates having electrode patterns and elements mounted onto the 
laminate, at least part of inductance elements and capacitance elements being 
constituted by the electrode patterns, and at least the switching elements being 

1 5 mounted onto the laminate, among circuit elements constituting the 
high-frequency circuit. 

[0036] The multi-band communication apparatus of the present invention 
comprises the multi-band high-frequency circuit. 

[0037] The multi-band high-frequency circuit of the present invention can 
20 select the most suitable channels substantially without influence by noises, 
phasing, etc. in data communications by WLAN, and perform diversity 
receiving. It can also switch the connection of multi-band antennas and 
transmitting/receiving circuits while suppressing power consumption with 
few numbers of switch means. 
25 [0038] The high-frequency circuit of the present invention can be 

constructed in the form of a high-frequency circuit component having a small 
three-dimensional laminate structure. Further, it is possible to provide a 
multi-band communication apparatus with a transmitting/receiving means for 
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modulating transmission data and demodulating receiving data in each 
communication system, and a switch circuit controller for controlling the 
switching of the high-frequency switch. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] Fig. 1 is a block diagram showing the circuit of the multi-band 
communication apparatus according to one embodiment of the present 
invention. 

[0040] Fig. 2 is a block diagram showing the multi-band high-frequency 
1 0 circuit according to one embodiment of the present invention. 

[0041] Fig. 3 is a view showing the equivalent circuit of the multi-band 

high-frequency circuit according to one embodiment of the present invention. 

[0042] Fig. 4 is a view showing the equivalent circuit of one example of 

DPDT switches used in the present invention. 
1 5 [0043] Fig. 5 is a view showing the equivalent circuit of another example 

of DPDT switches used in the present invention. 

[0044] Fig. 6 is a view showing the equivalent circuit of a further 

example of DPDT switches used in the present invention. 

[0045] Fig. 7 is a view showing the equivalent circuit of a still further 
20 example of DPDT switches used in the present invention. 

[0046] Fig. 8 is a view showing the equivalent circuit of one example of 

diplexer circuits used in the present invention. 

[0047] Fig. 9 is a view showing the equivalent circuit of another example 
of diplexer circuits used in the present invention. 
25 [0048] Fig. 10 is a view showing the equivalent circuit of one example of 
filter circuits used in the present invention. 

[0049] Fig. 1 1 is a view showing the equivalent circuit of another 
example of filter circuits used in the present invention. 
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[0050] Fig. 12 is a view showing the equivalent of a further example of 
filter circuits used in the present invention. 

[0051] Fig. 13 is a view showing the equivalent circuit of a still further 

example of filter circuits used in the present invention. 
5 [0052] Fig. 14 is a view showing the equivalent circuit of one example of 

balanced-to-unbalanced circuits used in the present invention. 

[0053] Fig. 15 is a view showing the equivalent circuit of another 

example of balanced-to-unbalanced circuits used in the present invention. 

[0054] Fig. 16 is a view showing the equivalent circuit of a further 
1 0 example of balanced-to-unbalanced circuits used in the present invention. 

[0055] Fig. 17 is a block diagram showing a multi-band high-frequency 

circuit according to another embodiment of the present invention. 

[0056] Fig. 18 is a view showing the equivalent circuit of one example of 

SPDT switches used in the present invention. 
1 5 [0057] Fig. 19 is a view showing the equivalent circuit of another 

example of SPDT switches used in the present invention. 

[0058] Fig. 20 is a view showing the equivalent circuit of a further 

example of SPDT switches used in the present invention. 

[0059] Fig. 21 is a block diagram showing a multi-band high-frequency 
20 circuit according to a further embodiment of the present invention. 

[0060] Fig. 22 is a view showing the equivalent circuit of a further 

example of SPST switches used in the present invention. 

[0061] Fig. 23 is a view showing the equivalent circuit of a further 

example of SPDT switches used in the present invention. 
25 [0062] Fig. 24 is a view showing the equivalent circuit of a still further 

example of SPDT switches used in the present invention. 

[0063] Fig. 25 is a view showing the equivalent circuit of a still further 

example of SPDT switches used in the present invention. 
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[0064] Fig. 26 is a perspective view showing a multi-band high-frequency 
circuit component according to one embodiment of the present invention. 
[0065] Fig. 27 is an exploded perspective view showing part of laminate 
substrates constituting the multi-band high-frequency circuit component of 
5 the present invention. 

[0066] Fig. 28 is an exploded perspective view showing the remainders of 
laminate substrates constituting the multi-band high-frequency circuit 
component of the present invention. 

[0067] Fig. 29 is a view showing the equivalent circuit of a multi-band 
10 high-frequency circuit according to a still further embodiment of the present 
invention. 

[0068] Fig. 30 is a block diagram showing a multi-band high-frequency 
circuit according to a still further embodiment of the present invention. 
[0069] Fig. 31 is a view showing the equivalent circuit of a multi-band 
1 5 high-frequency circuit according to a still further embodiment of the present 
invention. 

[0070] Fig. 32 is a view showing the equivalent circuit of a multi-band 
high-frequency circuit according to a still further embodiment of the present 
invention. 

20 [0071] Fig. 33 is a block diagram showing a conventional multi-band 
communication apparatus. 

[0072] Fig. 34 is a block diagram showing another conventional 
multi-band communication apparatus. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0073] The present invention will be explained in detail below referring to 
the attached drawings. 
[0074] Embodiment 1 
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[0075] Fig. 1 shows the circuit of the multi-band communication 
apparatus according to a preferred embodiment of the present invention. 
This multi-band communication apparatus comprises two multi-band 
antennas ANT1, ANT2 transmittable and receivable in a 2.4-GHz band and a 
5 5-GHz-band; a high-frequency switch 1 or a high-frequency circuit 1 

comprising pluralities of diplexer circuits for switching the connection of the 
multi-band antennas and the transmitting circuits and receiving circuits; a 
transmitting/receiving circuit RF-IC comprising a transmitting/receiving 
means of IEEE802.11a and a transmitting/receiving means of IEEE802.11b 

1 0 for modulating transmission data and demodulating receiving data in each 
communication system, a switch circuit controller for controlling the 
switching of the high-frequency switch, and amplifiers for receiving signals; 
balanced-to-unbalanced converters 53, 54 for converting balanced signals to 
unbalanced signals; and amplifiers PA1, PA2 for transmission signals 

15 connected to the balanced-to-unbalanced converters. In another embodiment, 
the transmitting/receiving circuit RF-IC may comprise the 
balanced-to-unbalanced converters 53, 54, the amplifiers PA1, PA2 for 
transmission signals, and coupling circuits. 
[0076] In this embodiment, the first communication system is 

20 IEEE802.11a, and the second communication system is IEEE802.11b, though 
the present invention is not particularly restricted thereto. For instance, 
because IEEE802.11h uses the same frequency band as IEEE802.il a, and 
IEEE802.11g uses the same frequency band as IEEE802.11b as described 
above, each circuit may be used in each communication system. When both 

25 IEEE802. 1 lb and IEEE802. 1 1 g are used, a transmitting/receiving means 
capable of handling each of them is necessary, because they need different 
modulation systems. 
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[0077] Fig. 2 shows one example of the high-frequency circuit 1, and Fig. 
3 shows the equivalent circuit of the high-frequency circuit 1 . The 
multi-band high-frequency circuit of the present invention (high-frequency 
circuit 1) comprises a high-frequency switch circuit 10, and first and second 
5 diplexer circuits 20, 25 connected thereto as basic components. The 
multi-band high-frequency circuit in this embodiment comprises a 
double-pole, double-throw (DPDT) high-frequency switch circuit 10 having 
four ports, which is connected to pluralities of multi-band antennas and 
pluralities of diplexer circuits. The switch circuit 10 has a first port 10a 

10 connected to a first multi-band antenna ANT1 via a matching circuit 

constituted by a coupling capacitor CI capable of functioning as a DC-cutting 
capacitor, a second port 10b connected to a second multi-band antenna ANT2 
via a matching circuit constituted by a coupling capacitor C2, a third port 10c 
connected to a first diplexer circuit 20 for branching transmission signals, and 

15 a fourth port lOd connected to a second diplexer circuit 25 for branching 

receiving signals. The first diplexer circuit 20 has a third port 20c connected 
to a filter circuit 60, and the second diplexer circuit 25 has a second port 25b 
connected to a filter circuit 30 and a balanced-to-unbalanced converter 50, 
and a third port 25c connected to a filter circuit 40 and a 

20 balanced-to-unbalanced converter 55. 

[0078] The high-frequency switch circuit 10 is mainly constituted by 
switching elements such as field-effect transistors (FETs), diodes, etc., and 
may comprise inductance elements and capacitance elements, if necessary. 
One structural example of the high-frequency switch circuit 10 is shown in 

25 Fig. 4. This high-frequency switch circuit 10 comprises four field-effect 
transistors series -connected to four annually disposed signal paths, and 
DC-cutting capacitors C series-connected to a third port 10c and a fourth port 
lOd among four signal paths. Because of small numbers of switching 
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elements disposed in the high-frequency signal paths, little loss is generated 
by the switching elements. 

[0079] When voltage controlled by the switch circuit controller is applied 
to the control terminals VI, V2, the ports of the high-frequency switch circuit 
5 10 are connected as shown in Table 1 . 



[0080] Table 1 



Connection 
Mode 


VI 


V2 


Between Ports 
10a and 10c 


Between Ports 
10a and lOd 


Between Ports 
10b and 10c 


Between Ports 
10b and lOd 


1 


High 


Low 


Connected 


Disconnected 


Disconnected 


Connected 


2 


Low 


High 


Disconnected 


Connected 


Connected 


Disconnected 



[0081] Detailed explanation will be made below on a case where voltage 
(High, for instance, +1 V to +5 V) equal to or higher than a threshold value 
10 permitting the operation of a field-effect transistor is applied to a control 

terminal VI of the high-frequency switch circuit 10, while voltage (Low, for 
instance, 0 V) equal to or lower than the threshold value is applied to a control 
terminal V2. 

[0082] In this case, the field-effect transistors FET1 and FET4 are in an 
1 5 ON state, while the field-effect transistors FET2 and FET3 are in an OFF state. 
Accordingly, a high-frequency signal input through the port 10c (on the side 
of the first diplexer circuit) of the high-frequency switch circuit 10 passes 
through the field-effect transistor FET1 in an ON state, and transmitted to the 
port 10a (on the side of the first multi-band antenna). Because the 
20 field-effect transistor FET3 is in an OFF state at this time, its isolation 

characteristics substantially prevent the high-frequency signal from leaking to 
the port 10b (on the side of the second multi-band antenna). Also, because 
the field-effect transistor FET2 is in an OFF state, substantially no 
high-frequency signal leaks to the port lOd (on the side of the second diplexer 
25 circuit). 
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[0083] On the other hand, a high-frequency signal input through the port 
10b (on the side of the second multi-band antenna) of the high-frequency 
switch circuit 10 passes through the field-effect transistor FET4 in an ON 
state, and transmitted to the port lOd (on the side of the second diplexer 
5 circuit). At this time, because the field-effect transistor FET2 is in an OFF 
state, the high-frequency signal does not substantially leak to the port 10a (on 
the side of the first multi-band antenna). Because the field-effect transistor 
FET3 is also in an OFF state, substantially no high-frequency signal leaks to 
the port 10c (on the side of the first diplexer circuit). 

1 0 [0084] Next, explanation will be made on a case where voltage (for 

instance, +1 V to +5 V) equal to or higher than a threshold value permitting 
the operation of a field-effect transistor is applied to the control terminal V2, 
while voltage (0 V) equal to or less than the threshold value is applied to the 
control terminal VI . In this case, the field-effect transistors FET2 and FET3 

1 5 are in an ON state, while the field-effect transistors FET1 and FET4 are in an 
OFF state. Accordingly, a high-frequency signal input through the port 10a 
(on the side of the first multi-band antenna) of the high-frequency switch 
circuit 1 0 passes through the field-effect transistor FET2 in an ON state, and 
transmitted to the port lOd (on the side of the second diplexer circuit). On 

20 the other hand, a high-frequency signal input through the port 10c (on the side 
of the first diplexer circuit) of the high-frequency switch circuit 10 passes 
through the field-effect transistor FET3 in an ON state, and transmitted to the 
port 10b (on the side of the second multi-band antenna). 
[0085] When the transmitting and receiving of signals are conducted in 

25 the multi-band high-frequency circuit of the present invention, frequency 
scanning is first conducted before starting communications to sense a 
receivable frequency channel (carrier scanning). In the scanning operation, 
the high-frequency switch circuit 10 is controlled, for instance, to the 
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connection mode 1 shown in Table 1 by the switch circuit controller. In this 
case, the second multi-band antenna ANT2 is connected to the second 
diplexer circuit 25, resulting in the connection of one multi-band antenna to 
the receiving circuits of two communication systems. 
5 [0086] The second diplexer circuit 25 connected to the fourth port lOd of 
the high-frequency switch circuit 10 is constituted by a combination of a 
lower- frequency filter circuit permitting a high-frequency signal in a 2.4-GHz 
band (IEEE802.11b) to pass but attenuating a high-frequency signal in a 
5 -GHz band (802.11a), and a higher-frequency filter circuit permitting a 

1 0 high-frequency signal in a 5-GHz band (IEEE802 . 1 1 a) to pass but attenuating 
a transmission signal in a 2.4-GHz band (IEEE802. 1 lb). In this embodiment, 
the lower-frequency filter circuit is constituted by a lowpass filter circuit 
comprising inductance elements and capacitance elements, while the 
higher-frequency filter circuit is constituted by a highpass filter circuit. 

1 5 [0087] With such structure, among high-frequency signals input into the 
multi-band antennas and appearing at the fourth port lOd of the switch circuit 
10, a 2.4-GHz-band, high-frequency signal appears at the second port 25b of 
the second diplexer circuit 25, but not at the third port 25c, and a 5-GHz-band, 
high-frequency signal appears at the third port 25c of the second diplexer 

20 circuit 2, but not at the second port 25b. Thus, the 2.4-GHz-band, 

high-frequency signal is separated from the 5-GHz-band, high-frequency 
signal. 

[0088] In the second diplexer circuit 25, the high-frequency signal 
appearing at its second port 25b with noise components removed by the 
25 bandpass filter circuit 30 is converted from an unbalanced signal to a balanced 
signal by the balanced-to -unbalanced converter 50 and input to the receiving 
circuit of IEEE802. 1 lb. Also, the high-frequency signal appearing at the 
third port 25c is input to the receiving circuit of 55 IEEE802.1 la via a filter 
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circuit 40 and a balanced-to-unbalanced converter. 
[0089] Based on the resultant high-frequency signal, scanning is 
performed in a 5-GHz band in the receiving circuit of IEEE802.il a, and in a 
2.4-GHz band in the transmitting/receiving means of 802.11b, to sense all 
5 receivable channels. 

[0090] Next, the switch circuit 10 is controlled to a connection mode 2 by 
the switch circuit controller. At this time, the first multi-band antenna ANT1 
is connected to the second diplexer circuit 25 on the receiving circuit side. 
Based on the resultant high-frequency signal, scanning is performed in a 
10 5 -GHz band in the receiving circuit of IEEE802.il a, and in a 2.4-GHz band 
in the transmitting/receiving means of IEEE802.1 lb, to sense all receivable 
channels. 

[0091] Based on the results of frequency scanning, the channel of a 
communication system to be activated is selected, and receiving signals 

1 5 received by the first and second dual-band antennas ANT1 , ANT2 are 

compared in amplitude to select a multi-band antenna to be connected to the 
transmitting/receiving circuit of the communication system. 
[0092] Accordingly, the most suited communication system can be 
selected even with disturbance such as phasing, etc. to conduct diversity 

20 receiving. Also, by performing carrier sense by a receiving signal made free 
from noises by a filter circuit, the most suitable channel in the wireless 
communications can be selected. When it is detected in the carrier sense that 
all channels are being used (busy), the carrier sense is performed again after 
the lapse of a certain period of time. 

25 [0093] Next, transmitting is conducted in the selected channel. The 

selected multi-band antenna is connected to the first diplexer circuit 20 via the 
third port 10c of the high-frequency switch circuit 10. The first diplexer 
circuit 20 is constituted by a combination of a lower-frequency filter circuit 
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permitting a high-frequency signal in a 2.4-GHz band (IEEE802.1 lb) to pass 
but attenuating a high-frequency signal in a 5 -GHz band (IEEE802.il a), and 
a higher-frequency filter circuit permitting a high-frequency signal in a 5 -GHz 
band (IEEE802.il a) to pass but attenuating a transmission signal in a 
5 2.4-GHz band (IEEE802.11b). In this embodiment, the lower- frequency 
filter circuit is constituted by a lowpass filter circuit, and the higher-frequency 
filter circuit is constituted by a highpass filter circuit. 
[0094] Accordingly, a 2.4-GHz-band, high-frequency signal input from 
the transmitting circuit of IEEE802.11b to the second port 20b of the first 

1 0 diplexer circuit 20 appears at the first port 20a via the lower-frequency filter 
circuit, but not at the third port 20c. On the other hand, a 5-GHz-band, 
high-frequency signal input from the transmitting circuit of IEEE802.il a to 
the third port 20c of the first diplexer circuit appears at the first port 20a via 
the higher-frequency filter circuit, but not at the second port 20b. Thus, the 

15 2.4-GHz-band, high-frequency signal and the 5-GHz-band, high-frequency 
signal can be branched. Incidentally, because high-frequency signals in a 
2.4-GHz band and a 5 -GHz band are taken from the same port, it may be 
called "synthesized." 

[0095] The high-frequency signal appearing at the first port 20a is input 
20 to the third port 10c of the switch circuit and radiated from the multi-band 
antenna. 

[0096] The equivalent circuits of other switch circuits 10 are shown in 
Figs. 5-7. These equivalent circuits comprise as main elements switching 
elements such as field-effect transistors FET, diodes D1-D4, etc., as well as 
25 proper inductance elements and capacitance elements. For instance, they 
may be constituted using two single-pole, double-throw (SPDT) switches. 
[0097] The first and second diplexer circuits 20, 25 are constituted by 
proper combinations of lowpass filter circuits, highpass filter circuits and 
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bandpass filter circuits comprising inductance elements and capacitance 
elements. The equivalent circuits of the diplexer circuits 20, 25 are 
exemplified in Figs. 8 and 9. 

[0098] Filter circuits 30, 40, 60 are also constituted by lowpass filter 
5 circuits, highpass filter circuits and/or bandpass filter circuits. These filter 
circuits are properly selected by the off-band attenuation of the diplexer 
circuits 20, 25. Other equivalent circuits of the filter circuit 30, 40, 60 are 
exemplified in Figs. 10-13. 

[0099] The balanced-to-unbalanced converters 50, 55 are constituted by 
1 0 inductance elements and capacitance elements, and may have an 

impedance-converting function. Their equivalent circuits are exemplified in 
Figs. 14-16. Because the use of an unbalanced input-balanced output SAW 
filter can integrate filter circuits and balanced-to -unbalanced converters into 
one circuit element, the number of elements can be reduced, resulting in the 
1 5 cost reduction and miniaturization of the high-frequency circuit. A SAW 
filter with different input impedance and output impedance may be used. In 
this case, it may have an impedance-converting function. Alternatively to 
the SAW filter, an FBAR filter may be used. 

[0100] The multi-band high-frequency circuits comprising various 
20 diplexer circuits, filter circuits, balanced-to-unbalanced converters and/or 

switch circuits described above exhibit excellent function, like the multi-band 
high-frequency circuit shown in Fig. 3. 

[0101] When pluralities of multi-band antennas cannot be disposed, the 
use of an SPDT switch 12 as the high-frequency switch circuit 10 can provide 
25 a multi-band high-frequency circuit connected to one multi-band antenna as 
shown in the block diagram of Fig. 17. In this case, there is no difference 
from the embodiment shown in Figs. 1-3 except for the switch circuit, so that 
the same function as in the multi-band high-frequency circuit in Embodiment 
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1 can be exhibited except for the diversity receiving. As the SPDT switch 
12, the switch circuit shown in Figs. 18-20 may be properly used. 
[0102] To secure isolation between the transmitting circuits and the 
receiving circuits, as shown in Fig. 21, a single-pole, single-throw (SPST) 
5 switch circuit 1 1 is preferably disposed between the high-frequency switch 
circuit 10 and the second diplexer circuit 25. The SPST switch circuit 11 is 
constituted, for instance, by a switching element, an inductance element and a 
capacitance element as shown in Figs. 22-25, to control that a signal is shut 
when the port 10c of the high-frequency switch circuit 10 is connected to the 
10 port 10a or 10b. 

[0103] Embodiment 2 

[0104] An example of the multi-band high-frequency circuit having the 

equivalent circuit shown in Fig. 3 formed in a laminate is shown in Figs. 

26-28. Fig. 26 shows the appearance of a multi-band high-frequency circuit 
1 5 component comprising first and second diplexer circuits 20, 25, filter circuits 

30, 40, 60, first and second balanced-unbalanced circuits 50, 60, etc. in and on 

a laminate. Figs. 27 and 28 show the structure of each layer in the laminate 

100 constituting the high-frequency circuit component. 

[0105] The laminate 100 is produced by laminating pluralities of ceramic 
20 green sheets as thick as 10-200 um and made of, for instance, a dielectric 

ceramic sinterable at as low a temperature as 1000°C or lower, each of which 

is provided with an electrode pattern formed by printing a conductive paste of 

Ag, Cu, etc., and integrally sintering them. 

[0106] A lowermost green sheet 15 is covered with a ground electrode 
25 GND on its front surface, and provided with terminal electrodes for mounting 
to a circuit substrate on its rear surface. The terminal electrodes comprise 
antenna ports ANT1, ANT2, transmission ports Txl, Tx2 for inputting 
unbalanced signals, receiving ports Rxl+, Rxl-, Rx2+, Rx2- for outputting 
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balanced signals, ground ports GND, and switch circuit-controlling ports VI, 
V2, and these ports are connected to electrode patterns on green sheets above 
through via-holes (shown by black circles in the figure) formed in the green 
sheets. In this embodiment, the terminal electrodes in a land grid array 
5 (LGA), but may be in a ball grid array (BGA), etc. 

[0107] Green sheets 1 - 1 4 are laminated on the green sheet 15. On these 
green sheets, the first and second diplexer circuits 20, 25, the filter circuits 30, 
40, 60, and the balanced-to-unbalanced converters 50, 55 are constituted by 
inductance elements formed by transmission lines, and capacitance elements 

1 0 formed by predetermined electrode patterns, which are properly connected 
through via-holes. Matching circuits 80, 85 disposed between the filter 
circuits 30, 40 and the balanced-to-unbalanced converters 50, 55 are formed 
by transmission lines having predetermined length. The inductance elements 
and the capacitance elements may of course be mounted onto the laminate 

15 100 as chip inductors and chip capacitors. 

[0108] Each circuit is three-dimensionally formed in the laminate 100, 
and electrode patterns constituting the circuits are disposed such that they are 
separated by the ground electrode GND or do not overlap in a lamination 
direction, to prevent unnecessary electromagnetic interference. 

20 Transmission lines through which a 5-GHz-band, high-frequency signal 
passes are separate from the other electrode patterns by at least 50 urn, to 
prevent electromagnetic interference. 

[0109] Dielectric materials may be, for instance, ceramics comprising Al, 
Si and Sr as main components, and Ti, Bi, Cu, Mn, Na, K, etc. as 
25 sub-components; ceramics comprising Al, Si and Sr as main components, Ca, 
and Pb, Na, K, etc. as sub-components; ceramics comprising Al, Mg, Si and 
Gd; or ceramics comprising Al, Si, Zr and Mg. The dielectric materials have 
dielectric constants of about 5-15. Besides the dielectric ceramics, resins 
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and resin/ceramic composite materials may be used. Further, electrode 
patterns may be formed by high-temperature-sinterable metal conductors such 
as tungsten, molybdenum, etc. on Al 2 0 3 -based dielectric substrates, by a 
high-temperature cofirable ceramic (HTCC) technology. 
5 [0110] Pluralities of land electrodes are formed on a green sheet 1, and 
DPDT switches (GaAs FETs), and coupling capacitors that cannot be formed 
in the laminate are mounted as chip parts onto the land electrodes. The land 
electrodes are connected to connecting lines and circuit elements in the 
laminate through via-holes. 

10 [0111] Bare switches are mounted onto the land electrodes, and the land 
electrodes may be sealed by resins or pipes. Such multi-band 
high-frequency circuit components are suitably miniaturized. Incidentally, 
RF-ICs or base-band ICs constituting the transmitting/receiving circuits may 
be integrated to the laminate. 

15 [0112] Embodiment3 

[0113] Fig. 29 shows the equivalent circuit of another multi-band 
high-frequency circuit. The feature of this multi-band high-frequency circuit 
is that the lower-frequency filter circuit in the second diplexer circuit 25 is 
constituted by a phase circuit Lfrl and a bandpass filter circuit 30 having a 

20 2.4-GHz passband. The phase circuit Lfrl properly adjust the phase of a 
high-frequency signal, so that when viewed from the high-frequency switch 
circuit, the bandpass filter circuit 30 has high impedance in a band of 5 GHz, 
thereby preventing a 5-GHz-band, high-frequency signal from leaking to the 
receiving circuit in a 2.4-GHz band. In this embodiment, with the phase 

25 circuit Lfrl constituted by transmission lines, the multi-band high-frequency 
circuit can be constituted by small numbers of circuit elements. 
[0114] Embodiment 4 

[0115] A multi-band high-frequency circuit in this embodiment is shown 
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in Figs. 30-32. Fig. 30 shows a transmitting circuit in a multi-band 
high-frequency circuit comprising a coupling circuit. In this embodiment, to 
provide a TPC function, a coupling circuit 150 adapted to pluralities of 
communication systems for getting part of transmission power is disposed 
5 between the high-frequency switch circuit 10 and the first diplexer circuit 20 
in the multi-band high-frequency circuit in Embodiment 1 . 
[0116] In this embodiment, part of output power is detected from a 
2.4-GHz-band, high-frequency signal and a 5-GHz-band, high-frequency 
signal by the coupling circuit 150 and a detection circuit 300 comprising a 
10 detection diode (Schottky diode). Thus, detection accuracy is increased by 
monitoring the output power near the antenna output terminal. The coupling 
circuit 150 may be constituted, for instance, by a directional coupler or a 
coupling capacitor. 

[0117] In the multi-band high-frequency circuit in this Embodiment, one 
1 5 coupling circuit is used in a 2.4-GHz band and a 5-GHz band. The coupling 
circuit has a larger coupling degree in a 5-GHz band than in a 2.4-GHz band, 
with the difference as large as about 5 dB. The coupling degree difference 
directly affects detection voltage, resulting in different detection voltage to the 
output power from the amplifier. With a matching circuit 200 disposed 
20 between the coupling circuit 150 and the detection circuit 300, the impedance 
of the coupling circuit 150 and the impedance of the detection circuit 300 are 
matched in a 2.4-GHz band, so that large detection voltage can be obtained 
even in a 2.4-GHz band with a small coupling degree (detection voltage) 
difference. 

25 [0118] The matching circuit is preferably constituted by a shunt inductor 
connected to the output port 150c of the coupling circuit 150, and a phase 
circuit connected between the coupling circuit 150 and the detection diode. 
In the matching adjustment of this matching circuit on a Smith chart, 
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amplitude adjustment by the shunt inductor and phase matching by the phase 
circuit can be independently conducted. This simplifies the impedance 
matching of the coupling circuit and the detection circuit in a 2.4-GHz band. 
[0119] Fig. 31 shows the equivalent circuit of a coupling circuit 150 in 
5 the multi-band high-frequency circuit comprising a directional coupler as the 
coupling circuit. The directional coupler is constituted by a main line STL1, 
a sub-line STL2 and a resistor Rl, so that a transmission signal from the first 
diplexer circuit 20 is input to the input port 150b of the directional coupler 
150 and output from the output port 150a. The main line STL1 and the 

10 sub-line STL2 are electro magnetically coupled, so that part of the 
transmission signal is output to the coupling port 150c. 
[0120] The matching circuit 200 is constituted by a shunt inductor Lss 
and a phase circuit Lsi, and the constants of the shunt inductor Lss and the 
phase circuit Lsi are set such that the output impedance of the coupling port 

15 1 50c of the directional coupling circuit is matched with the input impedance 
of the detection circuit 300 in a 2.4-GHz band. The shunt inductor Lss 
performs amplitude adjustment, and the phase circuit Lsi performs phase 
matching. 

[0121] The detection diode Dk has an anode connected to the matching 
20 circuit 200, and a cathode connected to a voltage-smoothing circuit 

comprising shunt-connected capacitor Ck and resistor Rk. A high-frequency 
signal from the coupling circuit 1 50 is input to the detection diode Dk, and 
only a high-frequency signal exceeding its forward voltage is transmitted to 
the cathode, converted to DC voltage by the smoothing circuit, and input as 
25 detection voltage to a comparison control means connected to the output side 
of the detection circuit 300. 

[0122] The comparison control means 400 is constituted by an 
operational amplifier, resistors, control transistors, etc., to compare an input 
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reference signal and a detection signal supplied from the detection diode Dk 
to change the output power of the amplifier such that the level difference 
between the two signals becomes zero. 

[0123] As another example of the high-frequency circuit, Fig. 32 shows a 
5 high-frequency circuit in which the coupling circuit portion shown in Fig. 3 1 
is constituted by a coupling capacitor Ccl . In this coupling circuit, too, the 
coupling degree is higher by about 5 dB in a 2.4-GHz band than in a 5 -GHz 
band, so that the detection voltage in a 2.4-GHz band can be increased by the 
matching circuit 200 to reduce the difference from that in a 5 -GHz band. 

10 [0124] In the circuit whose coupling circuit portion is constituted by the 
coupling capacitor Ccl, too, frequency change provides only little variations 
in the detection voltage, resulting in the reduced number of parts and 
miniaturization. Accordingly, such high-frequency circuit is suitable for 
communication systems of IEEE802.11h having a TPC function. 

1 5 [0125] The multi-band high-frequency circuit of the present invention can 
select the most suitable channel without being influenced by noises, phasing, 
etc. in data communications by WLAN, and perform diversity receiving. 
The multi-band high-frequency circuit of the present invention can also 
switch the connection of multi-band antennas and transmitting 

20 circuits/receiving circuits while suppressing power consumption with few 
numbers of switch means. 



APPLICABILITY IN INDUSTRY 

[0126] With a high-frequency circuit component having the above 
25 high-frequency circuit in a small three-dimensional laminate structure, it is 
possible to provide a multi-band communication apparatus with a 
transmitting/receiving means for modulating transmission data and 
demodulating receiving data in each communication system, and a switch 
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circuit controller for controlling the switching of the high-frequency switch. 
[0127] The multi-band high-frequency circuit of the present invention 
having such features is suitable for personal computers, PC peripherals such 
as printers, hard disk drives, broadband rooters, etc.; electronic appliances 
5 such as facsimiles, refrigerators, standard-definition televisions, 

high-definition televisions, digital cameras, digital video recorders, cell 
phones, etc.; and signal-transmitting means in automobiles and aircrafts. 
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